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DOCUMENT- IDENT:?:?iR: US 6 313 035 Bl 

TITLE: Chemical vapor deposition using organometallic precursors 



Rr-ief S ummary (10): 

This invention one respect, relates to a method of depositing a 

multi-componer.t: .:xide layer on a semiconductor substrate by 
exposing the se:n: .ronductor substrate to gaseous organometallic 
precursor and a -active gas under conditions effective to cause 
the gaseous oraar.'jmetallic precursor and reactive gas to combine 
and deposit a :r.u : r i - component oxide layer on the semiconductor 
substrate . 



Rripf S ummary 
In another respo : 
depositing a lay-:- 
substrate. The uv: 
semiconductor sul 
and introducing g 
precursor, react i 
semiconductor ]:ii_ 
cause the gase 1. 
oxide on the S' ::i : 



:^ (13) : 

, this invention relates to a method of 
r of titanium silicon oxide on a semiconductor 
rhod comprises the steps of positioning the 
.iftrate witliin a semiconductor processing chamber, 
aseous reactants including titanium organometallic 
ve silane -based gas and gaseous oxidant into the 
:-eHsing chamber under conditions effective to 

reactants to deposit a layer of titanium silicon 
:-onductoi' substrate . 



Rr-ief S ummary 'y^-^:- 
In another res. - : 
depositing a n\;l: 
on a semiconduc t'! 
substrate to q:^^s- 
under conditio. .-^^ 
precursor and 
layer on the se::;: 

neta-j 1 ed Desc-^^ : \y. 
Multi -componeni ] 
"mult i -component 
of at least on- 
combination wi : 1 
oxide films in .. ; 
than one oxide : 
nitride compou:. 
organometallic ; ; 
and other reac t-i.: 
and/or a gaseo;...^ 
it is typical ■ 
temperatures a' : 



- (15) : 

, this invention relates to a method of 
i -component layer comprising two or more nitrides 
ii- substrate by exposing the semiconductor 
^ JUS organometallic precursor and reactive gas 
effective to cause the gaseous organometallic 

to combine and deposit a multi-component 
. ::onductor substrate . 

:ilms also include mult i - component oxide films. By 

jxide film" it is m.eant that a film is comprised 
.dielectric c^r conductive oxide compound in 
another material. Examples of such multi -component 
.de, but are not limited to, films containing more 
::T.pound or films containing a mixture of oxide and 
^. These films ma^^ be deposited using more than one 
ecursor, or by using an organometallic precursor 
ga.ses , such as a reactive silane-based gas 



oxidant. In the practice of this disclosed method, 
t deposition of these films occur at low 
m the absence of plasma to activate deposition. 
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However, those .-filled in the art will recognize that benefits of 
the disclosed !:. ;: hod may also be obtained at higher process 
temperatures a:.; hy using plasma. 

DptailpH DeRcr : i on Text i6) : 

Although titan: r.w silicon oxide is deposited in one embodiment, 
other multi-c::'- ■ )nent oxide films may be deposited using different 
gaseous react-;: ■. .3 . These other films include, but are not limited 
dielectric fil:.. such as cantalum silicc-n oxide, mixtures of 
titanium oxide ::,d silicon nitride, mixtures of aluminum oxide and 
silicon oxide, ■:.xtures of aluminum oxide, silicon oxide and 
titanium oxide .::d other cc^nbinat ions ot these and other compounds. 
Also included : conductive films including a ruthenium oxide 
component, sue:: is mixtures of titanium nitride and ruthenium 
oxide. During . i.KJsit ion , energy is supplied to a semiconductor 
substrate to c • .::>- a reactive deposition to take place, resulting 
in deposition ^ mixed phase metal silicon C'xide onto the substrate 
surface. The pr :ess may be carried out m any semiconductor 
proce.qsnng ch.^.^^ :, :r or Other environment known to the art that is 
suitable for 0-- ^siting thm films on semiconductor substrates from 
organometallic : :^ecursors. For example, commercially available 
deposition eqv. : ::;ent from suppliers such as Applied Materials, 
Novellus and/o: :;enus may be utilized. Particular models of such 
equipment inc : ■ . ■ Applied Materials ^OOOD, Novellus Concept I and 
Genus 8 7 00. 



neta i 1 e d DeRC r 
In one embodiii: 
precursors of 
is selected fi 
radical, such 
precursors in:: 
[Ti {N (CH . sub . 3 
titanium [Ti{X 
suitable titar: 
(2 , 4 -dimethyl - 
cyclopentadien 
biscyclopentad 
TDMAT is the t 
precursors, su 
vaporized foi' 
precursor ma^' 
in the CVD ch:. 
titanium ( IV) , 
tri (cycloocta: 
method, a cai^ 
optionally be 
transport at i or: 

Dptan 1 e d Desc- 
Because titan: 
rather than t: 
advantage of : 
substant iallx' 
containing si^. 



'nn Text '3) : 
of the disclosed method, titanium organometallic 
formula Ti {NR . sub . 2 ; . sub . 4 may be used, where R 

the gr'iaip consist. mg of H and a carbon containing 

an alkyl. Specific examples of suitable titanium 
;e tetrakis iimethyl amine t itanium 
^ub.2).sub.4 ] (TDMAT) and tet rakisdiethylamino 

sub. 2 H. sub. 5) .sub. 2) .sub. 4 ] (TDEAT) . Other 
: precursors include bis 

-pencadienyl) titanium (BDPT) , 
^ycloheptatrienylt Itanium ( CpTiCht ) and 
:yl titanium diazide (Cp.sub.2 Ti (N . sub . 3 ) . sub , 2 ) . 
:cally used titanium precu]^3or. Organometallic 

as TDMAT, are typically liquid and may be 

■ CVD reaction. In other cases the organometallic 

a solid wnich is sublimed zo a vapor for reaction 

r, such as bis Lethene 1 , 2 ^.N , N ' -dimethyl ) diamide] 

cyclooctatetraenetitan ium , and 

•aene) dititanium. In the practice of the disclosed 
gas, rea-rive gas or mixtures thereof may 
Lized to assist in vat-ori zat ion and/or 
an organometallic precursor. 



ion Text ^3): 

Drganometallic precursors are used as a Ti source 
Aum tetrachloride, the disclosed method offers the 

siting titanium silicon oxide layers that are 
■e of chlorine related impurities 
reacnivR gases are used. 



when non-chlorine 



Deta i 1 ed Desc^ 



(12; 
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In the presen: 
However, any . 
suitable, for 
nitrous dioxi^; 
and water vapc 
selected froni 
argon or niti-( 
a gaseous oxi^; 
carrier gas i: 

DPfailed Desci 
Using the dis^ 
typically caiM 
reactor , Howev 
of environmeri: 
for example, 
wall or hot w,. 
thermal CVD 5: 
method offers 
creation of h. 
layers and c^f 
deposited la\'^ 

CLAIMS : 

6 . The method 
o rganome t a 1 1 i ' 
tetrakisdimet . 
titanium (TDK, 
a mixture the. 

9 . The method 
organomet al 1 1 . 
tetrakisdimet: 
titanium (TDE, 
a mixture th^: 

14 . The met ho 
the steps of : 

positioning t. 
processing ch . 

introducing 
silane -based 
processing c:. . 

15. The metho 
the steps of : 

positioning " 
processing c: . 
deposition ( 

pressurizing 

heating the s 



■.bodiment , the typical gaseous oxidant is 0 . sub . 2 . 

r gaseous oxidant containing oxygen would be 
.mple, or.one (O.sub.3), nitrous oxide {N.sub.2 0), 

no. sub. 2), or high temperat:ure mixtures of oxygen 

r oxygen and hydrogen. The carrier gas may be 
' noble or nonreactive inert gas, such as helium, 
or al ternati.vel.y may be i reactant gas, such as 

[ hydrogen or ether rp^r-r i. -/e gas . Typically the 

gon . 

ion Texr. (16) : 

ed method, depc^sition of titanium silicon oxide is 
; out in the absence of plasma in a cold wall CVD 
the niechod may also be practiced in other types 
r semiconouctoi' prnoRssing chambers, including, 
, non-plasma hot. wall CVD process, a plasma cold 
:VD process, or m a radiant energy or rapid 
■ss. When carried cut m the absence of plasma, the 

advantages of sucstant ial Ly eliminating the ^ 
leakage damage centers in deposited dielectric 
Drporating substantially n^ hydrogen into these 



claim 4, wherein the gaseous titanium 
ecursor comprises at least one of 
mino titanium (TDKAT) , te t rakisdiethylamino _ 
titanium ethoxide, titanium tetra - i -propoxide or 



claim 3, wherein the gasec us titanium 

■ecursor comprises at least one of 

:.:rdno titanium (TDMAT) , tet rakisdiethylamino 

titanium ethoxide, titan: urn tetra- i -propoxide or 

claim 8, whei^ein the step of exposing comprises 



emiconductor substrate within a semiconductor 
.. r:; and 

■ aseous titanium cirganometallic precursor, reactive 
and gaseous oxidant into said semiconductor 

claim 8, wherein the step of exposing comprises 



emiconductor substrate within a semiconductor 

r that is a non-plasma, cold wall, chemical vapor 

chambei ; 

chamber,- and 

onductor substrate tc a temperature, said pressure 
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DOCUMENT- I DErr 
TITLE: Multll 
adhe.si on prop^ 



^lER: US 6495449 Bl 
red diffusion barrier 

V 



structure for improving 



Ab.qi-rar;r. Texr, 
A method has > 
a nitrided mo: 
integrated cr. 
diffusion bar. 
barrier layer 
oxy-nitrided ; 
optimization 
oxy-nitrided ; 
incorporat io!i 
or by deposit: 

Rrip.f Summary 
This inventio: 
and fabricate 
the f^dhesion ■ 



n provided 
diffusion 
-It substra 
r structur 
(i an oxy-n 
il layer, 
ooth conta 
il layer i 
oxygen in 
in an oxv 



for improving 
barrier mater 
Le. The method 
e, comprising 
itrided metal 
instead of an 
ct resistance 
s formed eithe 
zo the nitride 
Qen ambient . 



the adhes-i on of copper to 
ial, such as TiN, in an 

provided a multilayered 
a nitrided metal diffusion 
layer. The formation of an 
oxide layer, permits the 
and adhesi on property. The 
r by the partial 
d metal diffusion barrier 



elates generally to integrated circuit processes 
and more r^art icularly , to a method of improving 
oerty of a diffusion barrier structure. 



Rr-i ef .SummaT-y 
Various mea]~.:3 
copper diffus 
materials, i:". 
for use as ba 
typical condu 
Addition of 3 
offer impro\'e 
non- conduct i'/ 
material so :_ 
barrier mate; 
problem . 

Rrief .Summary 
In a typical 
or organic cc 
becomes an e] 
vaporized in: 
such as that 
copper gas ii. 
gas compound 
surfaces . Sev 
CVD process . 



:)f 

a" 
ie 

r 



ve been 

into in 
ding met 
ers to p 
ve difEu 
:on into 

in t n 
effusion 
However 
:^ has t'e 



su 
tie 
al 
re 
si 
i: 



er 



jgested to deal with 
grated circuit mater 
s and metal alloys, 
vent the copper diff 
cn barrier materials 
iiese materials, TiSi 
Effusion barrier pre 
arrier, silicon nitr 
I he ^^rihpsi on of copp 
, and continues to 1j 



the problem of 
ials. Several 
have been suggested 
usion process. The 

are TIN, TaN and WN. 
N, TaSiN, WSiN, could 
perty. For 

ide has been the best 
er to these diffusion 
e, an IC process 



(11) : 

Der CVD prc^cess, copper is combined with a ligand, 
md, to make the copper volatile. That is, copper 
at in a compound, called precursor, that is 

gas. Selected surfaces of an integrated circuit, 
iif fusion i^arrier materials, are exposed to the 

elevated ■ emperature environment. When the copper 
Dmposes, copper is left behind on the selected 
I copper precursors are avail<5(ble for use with the 
Ls genera::: y acc:epted that the configuration of the 
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copper precu^ o at leasr.. partially, affects the ability of the 
copper residi; o adhere icself to the selected surfaces. Although 
certain preci: s rs may improve the copper adh^^sion process, 
variations ii. t: e diffusiin barri^.r surfaces to which the copper is 
applied, and /a; lations in the coi:pei" precurs:-rs themselves, often 
result in unr it sfactory adhesion ot cc-pper t 



a selected surface 



p-ripf .Summar\ - 
It has becom* 
apply CVD co[ 
barrier mate: 
and to reduc^ 
performed in 
It has generc 
chance of adt 
diffusion kia: 
contaminant s . 
under vacuuni, 
deposited on 
even when co^ 
surface , prcil: 



JT iir (13) : 
a standard 
6 immediat 
to the i 
t: e contact 
i t ingle cha 
Ll^ been the 
^r ng to the 
;: materia 
U ice, tne 
; in a cor. 
.1. diffusiC' 
3e_. is imm.ed 
:ei .3 remain 



T^rn p.f 5=;ummar\ ' 
Charneski et ^1 
;=iHhpc;-i nn to a d 
proposed a uv . 
of the dif fur 
subsequently^ ie. 
success and c :t^ 
Nguyen et al . , 
diffusion bai ~i 
for same " , f ^ t 
to oxidize t:: 
the subsequei. . 
improve the_^ 
material, it .r 
increases the c 
a very small :h 

R-ripf 5^ummar\ ' j: 
It would be 



pract iC' 
ely aft. 
r:cegrat 

resist 
nioer or 
uaht th 

dif f us 
1 surfa 
rlif fusi 
r„ rolled 
M barn 
lately 
m keep' 



e in the semi 
oi the deposi 
circuit to 
ai.ce . Typical 

an interconn 
al. the copper 
:. :ii barrier m 
C'': is clean 
oi\ bai"rier su 

•::-nvironment , 
ei as quickly 
applied to th 
:i r.g tlie coppe 



conductor industry to 
t ion of the diffusion 
improve the_adliesinn 
iy, the processes are 
ected cluster chamber. 

layer has the best 
acerial when the 
rid free of 
rface is often kept 
and the copper is 
as possible. However, 
- diffusion barrier 
r properly adhered. 



^ (14) : 
, U.S. P 
f fusion 
d to use 

barrier 
osited c 
n does n 
.8. Pat. 
c surfac 
ir prop'O 
L f f usic-n 

deposit 
on prC' 
duces a 
ntact res 
ckness . 

'iL (15) : 
itageous 



a U . No . ' 

r^arrier ^ 



impr^:- 
: :.jper lay 
provi d' 
I'J . 5,9: 
- for the 
sed a met: 
b^r r iei" 

r:d COppt:! 

p-rty , bu 
lion condii 
s 1 stance 



,909,^537, eniLtled "Copper 
.;rface and method for same", 

gas species to clean the surface 
,-e the ^dhps i on to the 
ri. This metrod has very limited 
~; enough ad> ^^-si on to be practical. 
■;. ,144, entitled "Oxidized 

adherence c f: copper and method 
: j:::d to use i -active oxygen species 
surfa ::e to i^^iprove the ;=^HhpRi on to 

layet:. This method works well to 
r. by oxidizing the barrier 
ctive layer ::.hat significantly 
■:)f the integrated circuit even at 



understand the mechanism of the 
diff-ision barrier material surface. 



Rripf .q ummar-_ 
It would be c 
;::3dhpsion of ( 
without oxid: 
conductive 1 



_ ^ (16) : 
iv atageou^-- 
/D copper ts 
:i ^ the di : 
and witr. 



exnplo-/ a m.ethod : improving the 
cx diffusion barrier material surface 
r -;sion t-arrier , with^.ut producing a non 
cut incr--iasing the ccntact resistance. 



RT-jpf Summary 

It would be c; :^ 

;=iHhps-i on of C 
can be optim: 'tt 

Rripf Summar\ ' .1' 
Accordingly, 
barrier surf.^^ ■ 



(17 ■ : 
ntageous tc^ empl 
jopper t J a dif f ■ 
with resiject tir 



■ y a m.ethod ci improving the 

sion barrier material surface that 

zhe cc-'Utact resistance. 



(18) : . x:^ ■ 

^thod C'f ::iiproving the adhesion to the diffusion ^ 
's provide! based on the analysis and understanding 
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of the propel' 
barrier, by d 
through. It 5i 
materials. It 
barriers to r 
formation is 
for these re;; 
diffusion bai 
poor. Deposii.^ 
provide stron 
electrochemic 
achieve good 
well to man^^' 
the diffusi'::i 



3 of the ■ 
lit ion, d': 
has pC'Or 
not tr.er; 
with :th- 
^t ive , n 

■s mate I ..a 
techni :}u 
ihe.si on., 
o latino t 
"■q-j on ■ In 
^r mater i 
.:rier ■ 



i if f usi 
;;)es not 

c hemic 
uC'dynam 
e r mate 
at is, 
el^Dre 
Is base 
e^i that 
. ; u c ii as 
ec:hniqu 

c^idit 1 
als, an 
even mc- 



jn barriers. A good diffusion 

allow foreign materials to diffuse 
al h^i-nding with many foreign 
i-ally favorable for the diffusion 
r lals^ oecause the resultant heat of 
H id i t ii^nal energies are required 
he .^■iiv^-si on property of good 
d on oh.emical reaction - is very 
deoer.d on chemical reactions to 
chemical vapor deposition or 
es, will be much more difficult to 
on, copper material does not adhere 
1 t:hus^ adhesion of CVD copper to 
re di t : icult . 



A-ri pf .qnmma > '/ 
From thermoi:y 
thus are then 
The nitrided 
TaSiN, WSiN, 
components i-c 
barrier pro^^ 
positive hear 
unfavorable 
thermodynami 
effective ac: 
mentioned nit 
somewhat bett 
CVD copper tc 
WN. The adh^.^ 
barrier howc^ 

R-ripf .q nmmar^ 
To improve z\ 
copper, it ir 
nitrided mete 
materials tii 
the compouni 
a negative Ir 
change the c 
barrier thu.-.; 

/^vt;- _ ri n t "T 1 H i : 
^^^j ^ 

and the prec^ 
the o:. 
layer compr . 
improve the__. 
structure tc 
incorporate'"! 
surface bec^i' 
diffusion ba 
chemical borr 
this thin c^c; 
resistance i. 
layer howeve 
oxidizing c: 
raises the :■ 
property. C:. 



(19:^ : 
Lc arguine 
lat ha^'c 
ll dif:us 
cosed c : 
is Ti, Ta 
again 1 
1 format:. 
:opper to 

' Stat'i':^ 

: copp'.-r 
iS, Tii: ... 
carriei- t 
J is much 
propei't^)' 
.s poor . 



CCS, gc 
:-t posit 
^in bai 
c^i inly 
, W, o: 
copper 
CM so t 

^:'C'nd t, 
L'lan CC' 

cndinc: 

: WN a 
h;;in eit 

fjiC're ic 



lat 
;■ n 
:'i:'e 
n 



I - r 



tcer 



di f.' 
B he 
^r s 
:r eg' 
th' 
:f us 
it 
It r 
r n 

s 1 

T: 
icu 
t o 



fusion barriers for copper 
at of formation with copper, 
such as TIN, TaN, WN, TiSiN, 
en and other metallic 
e best conductive diffusion 
ion. Copper nitrides have 

is thermodynamically 
cgen. These nitrides are more 
itrides and thus are 
iffusion. Of all the 

lar to each other. TaN is a 
l^i or WN, and thus adhenion of 
it to achieve than to TIN or 
an effective diffusion 



>n 

: h c 



IL (20 

iheaic: 

jerat i ^ 

:.f fusi- 

jnd wi^ 

:i react i::ci^ 
.f f orcar !■ 
:e prcfjer t 
,o foria ac 
' nitr id-:-... 
of oir/g-^ ^- 
:opper t^"^ 
-.he met a , 
^1 on of til 
subse-.:Tic:^n 
■) the airr 
m oxy--ncc 
^ prop^erty 

with th.:: 

.rided 1 av 
iuced. Tr- 

^ a strc^nc 
.on wi^ 1 r 
:t res: c;..c.; 
.ould 



the r.i 
■ chare 

-pper . 
: of c: 
m, si;;' 

e s o 1 

oxy-r : 

met a 

n t ; . 
.hie d. : 

nitr^ ) 
c m.ulc 
cly de; 
Lded i:i 
cided 
. Thic 
ccbse :\ 
•z'- r is 
imoun 

af fe:: 
rc'ducc 
c:e be 
civ en t 



trided metal diffusion barrier to 
e the surface properties of the 
layer. This surface should contain 
Thermcdynamically , it means that 
:cis material and copper should have 
hi as a copper oxide. One way to 
the nitrided metal diffusion 
itride layer on the surface by 
:ic I f usion barrier layer surface, 
: c;:<c/ ulitride layer would promote 
iiusicn barrier. The oxy-nitride 
jcr:, y^nd oxygen, and serves to 
ilay^-red diffusion barrier 
oc sited layer. As oxygen is 
"rtai arffusion barrier surface, the 
retal, and no longer has the strong 
surfa^:e thus exhibits strong 
jcnt deposited layer. Furthermore, 
ioi;:luccive and thus the contact 
1 if ^.■xygen in the oxy-nitride 
*: on tee contact resistance. The 

an ixide layer, however thin, that 
lause jf its non conductive 
ai^cii the extreme case of 
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oxidizing th- 
introducing 
over-oxidiz 1 : 
small amount 
contains oxy ■ 
introduct ioi: 
reduces oxic; 
arlbp^i on of * 
introducing 
nitrided met 
diffusion, a 
;:iHhRc;i on pr:.: 
small such :.. 
results in -i^ 

Arief .qnmmar 
In the oxy- 11 
metal diffu^: 
nitr'ogen car. 
the ambient . 
oxygen, niti 
intx'oduce a 
nitrided met 
metal layer 
nitrided met 
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